OBJECTIVE: To investigate whether children at high risk of obesity have a reduced resting metabolic rate (RMR). DESIGN: Cross-sectional study. SUBJECTS: 93 healthy girls (age: 8 ± 12 y) were allocated to one of four groups, according to the subjects' and their parents' weight status: group 1, overweight children with both parents overweight (OBaOB 2 ; n 17); group 2, normal weight children with both parents overweight (NaOB 2 ; n 28); group 3, overweight children of discordant parents (OBaOB 1 ; n 21) and group 4, normal weight children with both parents normal weight (NaOB 0 ; n 27). MEASUREMENTS: Weight, height, fat-free mass (FFM) and fat mass (FM) by bioelectrical impedance analysis (BIA), RMR (indirect calorimetry) for the duration of 25 min. RESULTS: Controlling for disparities in body composition, age and physical maturity, signi®cant differences were found in adjusted group means of RMR (OBaOB 2 1181 kcalad; NaOB 2 1276 kcalad; OBaOB 1 1234 kcalad; NaOB 0 1199 kcalad; P`0.02) with the OBaOB 2 girls showing the lowest energy expenditure. CONCLUSION: We found evidence that preadolescent girls at risk of obesity, are not generally predisposed to a higher body weight, because of a greater metabolic ef®ciency. In fact, our data show that more emphasis should be laid on de®ning different subgroups of both overweight and normal weight subjects in studies investigating metabolic rate.
Introduction
It has been well established over many years, in studies on natural family members, twins and adopted children, that obesity demonstrates a strong familial transmission and can be traced through three generations at least. 1 ± 10 Consequently, obese parents stand a greater risk of having obese children than normal weight parents. 11, 12 The a priori probability of biological parents raising an obese child, has been estimated to be as high as 80% if both parents are obese, 40% if either parent is obese and 7% if neither parent is obese. 13 Clearly then, parental overweight represents a major risk factor for the development of obesity in offspring.
The familial resemblance in fatness might be due to environmental or genetic in¯uences, or a combination of both, bearing upon the regulation of energy balance. 14 However, research directed toward clarifying the relative signi®cance of these factors and toward determining the underlying mechanisms involved in the development of obesity, is encumbered by the confounding of relevant determinants in families where members are obese. In a prospective study on pre-school children, Klesges et al 15 simultaneously assessed the importance of both lifestyle (nutrition and exercise) and constitution (family history of obesity) for relative weight gain over a period of three years. Although ®lial lifestyle is related to parental adiposity, 16 ± 20 the authors demonstrated that congenital variables independently exert an impact on relative weight gain in children. 15 The heritability of obesity could be mediated through a reduced resting metabolic rate (RMR), which is the largest component of total energy expenditure and has been shown to be strongly familial. 21, 22 So far, prospective studies on lean and obese adults have not unequivocally documented that a low RMR is a predictor of subsequent weight gain. 23 ± 25 The major drawbacks of this paradigm, examining RMR and weight change over time in manifestly obese adults, are twofold: 1) Once obesity has developed, weight gain in adult life is usually no more dynamic in nature, that is, a further increase in body mass is hardly to be expected in manifestly obese adults. Therefore, 2) rather maintaining than causal conditions are being determined when investigating RMR in obese adults. A more promising approach lies in performing studies on maturing children. Nevertheless, cross-sectional studies did not ®nd any differences in RMR between normal weight and obese children and adolescents. 26 ± 30 However, given the discontinuous course of growth, both in height and body mass during childhood, 31 the accelerated weight gain during preadolescence and the concomitant monotonous decline in RMR per kg body weight until conclusion of physical maturation, 32 the number of subjects was small and their age range too large in most of these studies. It is possible that periods in which RMR might temporarily be diminished in children at risk of obesity, escaped detection in the studies cited above. Investigations by others 33 and by ourselves, 34 suggest that such periods might exist as well at around the age of the body mass index (BMI) rebound, which seems to be a predictor of excessive weight gain in childhood, 31 as during preadolescence.
In order to evaluate the impact of familial history of obesity on metabolic ef®ciency we compared RMR in groups of overweight and normal weight preadolescent girls differing in the a priori risk of becoming obese, as assessed by the weight status of the subjects' parents. 13 
Methods

Subjects
Measurements were carried out on a total of 93 Caucasian girls aged 8±12 y. Subjects and their perceived biological parents were recruited by newspaper advertisement and information lea¯ets that had been distributed by teachers of several schools in grades 2± 6. Only one girl per family was allowed to take part in the study in order to secure independence of observations. Depending on their own and their parents' weight status, the children were allocated to one of the following four groups: 1) overweight girls of two overweight parents (OBaOB 2 ; n 17); 2) normal weight girls of two overweight parents (NaOB 2 ; n 28); 3) overweight girls of discordant parents (that is, only one parent overweight; OBaOB 1 ; n 21); and 4) normal weight girls of two normal weight parents (NaOB 0 ; n 27). The physical characteristics of the subjects are described in Table 1 . Overweight in children was characterized as a BMI exceeding the 85th percentile for age and gender according to the tables of Must et al, 35, 36 while normal weight was de®ned as a BMI below this cutoff point. As for parents, mothers exceeding a BMI value of 24 and fathers with a BMI value greater than 25, were considered overweight, 37 whereas values below these criteria again de®ned normal weight in parents.
Both parents and children were informed about the purpose and protocol of the study and gave their written consents prior to participation. All consenting girls were subjected to medical examination by a paediatrician to ensure that none of the participants was taking medication or had any endocrinal, metabolic or other physical or psychiatric disorders.
Measurements
Anthropometry and body composition. Body weight was recorded to the nearest 100 g, using a standard physician's balance beam scale (Mettler 3000, Mettler, Bonn, Germany) with the children and their parents wearing light underclothes only. Height was determined to the nearest 0.1 cm on a standard, wallmounted height board. Additional data on weight and height development during the ®rst 48 months of the children's lives was available from medical checkup records. In Germany, these checkups, recommended by the Public Health of®ce and carried out by paediatricians, are performed at birth and continued in regularly scheduled intervals at ages 1, 3, 6, 12, 24 and 48 months.
Body composition in our sample was estimated by bioelectrical impedance analysis (BIA). Whole-body resistance (R) and reactance (Xc) were measured using the body-composition-analyzer BIA-101 (RJL Systems, Detroit, MI) with a standard conduction current of 800 mA at a frequency of 50 kHz. Two surface electrodes were placed on the back of the subject's right hand and two electrodes were attached onto the dorsal surface of the right foot, according to recommendations of the manufacturer. Measurements were performed with the subjects in a supine position. 
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The following equation, developed and validated for application in children and youths by Houtkooper et al, 38 was used to calculate fat-free mass (FFM):
This regression model has been demonstrated to account for a large amount of variance in the criterion variable (0.91 R 2 0.96) and to yield a prediction error of 5% when comparing estimated values of FFM with those derived from hydrostatic weighing and deuterium dilution space, in several cross-validation samples of children and adolescents who varied widely in the degree of fatness. 39 The precision error for duplicate impedance measurements in children has been reported to be 1.9%, leading to an uncertainty of 1% for the estimation of FFM and 2.0% for the calculation of percent body fat. 40 We ®nally obtained fat mass (FM) by subtracting FFM from body weight.
Resting energy expenditure (REE). Resting respiratory gas exchange was measured by open circuit, indirect calorimetry (DELTATRAC TM MBM-100, Hoyer, Bremen, Germany) for 30 min. Before each measurement, the system was recalibrated using a reference gas mixture of 95% O 2 and 5% CO 2 . Rates of oxygen consumption (V Ç O 2 ) and carbon dioxide production (V Ç CO 2 ) were obtained at intervals of 1 min by means of a transparent plexiglas hood, placed over the subject's head. The average of 25 measurements (the ®rst ®ve observations were omitted to allow subjects to adapt to the measurement procedure) was used to extrapolate values of 24 h RMR for each subject. Triplicate measurements of RMR, in an independent sample of children, indicated the precision error of the system employed in this study to be 5.8%. 41 All measurements were performed under controlled conditions for hydration status, exercise-to-measurement interval and food intake-to-measurement interval that could potentially affect impedance measurements and respiratory gas exchange determination.
Experimental protocol
The children, accompanied by both parents, arrived at our laboratory at 08.00 h by motor vehicle. Measurements were performed at least 12 h after vigorous exercise, with subjects having had an overnight fast (12 h) and refraining from beverages on the morning of the investigation. After anthropometry and determination of body composition had been completed, a paediatrician assessed pubertal stages of the children according to Tanner. 42 Before determination of RMR, each subject was asked to lie on a couch in a supine position and rest for 15 min with the clear plexiglas hood lying over the girl's head. RMR was determined, while the subject was free to listen to music from earphones.
The experimental protocol was approved by the Ethical Committee of the University of Trier and is consistent with the revised Helsinki Declaration of 1975.
Statistical analysis
All data are expressed as meansAE s.d. or as combined adjusted means. Comparisons of group means of anthropometric variables were made by one-way analysis of variance. The homogeneity of variances was veri®ed by Bartlett-Box-Tests. The Kruskal-Wallis test was used to examine group differences in the degree of physical maturation. This nonparametric test was also performed in instances where variances proved to be signi®cantly different between groups. Since the amounts of FFM and FM vary between obese and lean individuals, and as both components of body composition independently contribute to disparities in RMR, 43, 44 a one-way analysis of covariance (ANCOVA) model was employed to examine the presence of group effects on RMR, with FFM, FM, degree of pubertal development and age as covariates. Before carrying out the ANCOVA, the homogeneity of within group regression slopes was ensured. The Pearson product-moment correlation was calculated to examine the associations of each covariate with RMR. A P value`0.05 was considered a signi®cant effect. Statistical analyses were performed using SPSS for windows version 7.5.2.
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Results
All groups were a similar age. Weight, BMI, percentage overweight, FFM, percentage of body weight as FM and parental BMIs, were all signi®cantly greater in both overweight groups compared to the normal weight groups (Table 1 ). In addition, the groups differed signi®cantly in the FFMaFM ratio, with out OBaOB 2 girls showing lower values than both of the normal weight groups, and group NaOB 0 having higher values, when compared to all other groups. The stages of physical maturity of the girls are summarized in Table 2 . As shown, the four groups did not differ with respect to their degree of pubertal development. Figure 1 describes the development of BMI during the ®rst four years of life in the four groups and shows a similar pattern of progress in all groups during the ®rst 12 months. At the ages of 24 months and 48 months, however, BMI was signi®-cantly different between our groups, with the overweight girls of two obese parents, having the highest values. The course of BMI was similar in both of the normal weight groups.
Group means of RMR were signi®cantly different, again with the overweight groups demonstrating the higher values when compared to the other groups (Table 3) . However, it is necessary to normalize Metabolic alterations in obese preadolescents H Wurmser et al REE, because of the group differences in body weight and body composition. As has been shown, FFM is the principal determinant of RMR, but FM independently contributes to variations in resting thermogenesis. 43, 44 Furthermore, it has been observed that RMR controlled for body weight, is inversely related to age in children and adolescents. 32 When adjusting for disparities in body composition (FFM and FM), age and degree of pubertal development, that were all signi®cantly correlated with REE (r 0.83, P`0.001, r 0.76, P`0.001, r 0.41, P`0.001, r 0.61, P`0.001, respectively), the lowest values for RMR were detected in the OBaOB 2 girls (Table 4) . However, their values were similar to those of group NaOB 0 . The largest difference in adjusted RMR was seen between the normal weight and obese girls with two obese parents.
Discussion
This study was undertaken to compare RMR in groups of overweight and normal weight preadolescent girls whose a priori risk of becoming obese varied, as assessed by their parents' weight status. This paradigm was ®rst introduced in a classical study by Grif®ths and Payne, 33 who found that children aged 4±5 y, born to overweight parents, have a lower metabolic rate than children born to normal weight parents, 33 and that metabolic rate in children is associated with BMI at adolescence in girls, but not in boys. 32 It has been estimated that, the total transmission effect across generations for variance in fat mass, reaches 55% and that genetic effects account for a quarter of this variance. 45 REE has been shown to have a heritable component 22 and may thus be a possible mechanism for the genetic transmission of obesity in girls. Therefore, we expected metabolic ef®ciency to be higher in both the OBaOB 2 and the NaOB 2 girls, compared to the OBaOB 1 group or to the NaOB 0 controls.
In the present study, we found that in the two groups of overweight girls, RMR in absolute values, was signi®cantly higher than in both the NaOB 2 and the NaOB 0 girls. However, when comparing RMR in individuals varying in body mass and composition, it is necessary to control absolute values for these differences. When adjusting RMR for disparities in body composition (FFM and FM), age and degree of physical development, that all accounted for an independent amount of variance in REE, signi®cant differences were detected between the four groups. 
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Although the lowest values could be seen in group OBaOB 2 (1181 kcalad), which is in accordance with what we expected, they were similar to those of our normal weight control group (1199 kcalad). Our crosssectional investigation, therefore, does not provide evidence that overweight girls with a familial history of obesity, are genetically predisposed to a higher body weight, because of a greater metabolic ef®-ciency, than that of normal weight girls without a family history of obesity. Nevertheless, the contingency cannot be excluded that a blunted REE had been responsible for the development of obesity earlier in their lives, as suggested by the results of Grif®ths and Payne. 33 Our data on development of BMI over the ®rst four years of life in our subjects, show that the pattern of progress is similar for all groups during the ®rst 12 months. At the age of 24 months and 48 months, however, BMI was signi®-cantly different between our groups, with the OBaOB 2 girls having the highest values. Interestingly, the earlier adiposity rebound in these girls, coincides with the reduction of metabolic rate observed in young children born to overweight parents. 33 A lower RMR could therefore be responsible for the advanced increase in BMI in children that subsequently develop obesity. In addition, there is evidence that RMR might only be reduced in obese children of a speci®c age group. 34 This age speci®c decrement in RMR in preadolescence, would ®t a model of obesity, that postulates a sensible period for the development or exacerbation of overweight in prepubertal age. 46 Thus, it is possible that RMR might only be diminished temporarily in some subgroups of children. Transient periods of a reduced RMR, may be suf®-cient for an individual to develop obesity with time, if all other components of energy balance are equal. While not signi®cantly different from the controls, our data show that the OBaOB 2 girls had the lowest values of a adjusted RMR among all groups. It could be hypothesized that RMR in these girls is in the progress of a further reduction, relative to the groups NaOB 0 and OBaOB 1 . Longitudinal data on the components of energy expenditure, food intake and physical activity, that are currently being obtained in our laboratory, are needed to test the proposed model further.
We were surprised to ®nd the highest values of adjusted RMR in the NaOB 2 girls (1276 kcalad), which seems to refute the concept that children born to overweight parents are susceptible to obesity because of a de®cient metabolic rate. However, although the offspring of parents who are both overweight, stand a greater risk of developing obesity, there are still some 20% among these children who will never be obese. 13 The possibility cannot be discounted that our NaOB 2 group is comprised of just these children. The girls were recruited into this group on the basis of their positive family history of obesity. However, overweight parents do not necessarily have to have a genetic predisposition for obesity.
In this case we would not expect their children to exhibit a reduced RMR. Thus, it would appear that the girls of group NaOB 2 are no model for preobese children, despite their positive family history of obesity. Perhaps a more careful selection of eligible subjects could be made, on the basis of additional information on early weight and height development in children at risk of obesity.
Adjusted RMR in the OBaOB 1 (1234 kcalad) girls was similar to that in the normal weight controls, but signi®cantly higher than in group OBaOB 2 . The higher body weight in the OBaOB 1 girls, therefore, seems to be the result of inappropriate eating and activity patterns, rather than the consequence of an altered REE. Again, the possibility cannot be ruled out that a blunted RMR had been responsible for the development of obesity earlier in their lies. However, on the basis of parental weight status, the history of weight and height development and of our data on present RMR, we presume that the etiology of the weight disorder in this group of girls is distinct from that in our OBaOB 2 girls and that both groups of overweight girls represent different subgroups.
There is a paucity of data on measurements of RMR in children with which the present ®ndings can be compared. Most studies on REE in childhood, compared obese and normal weight subjects and found no differences in RMR between the two groups. 26 ± 30 Our data suggest that there are also different subgroups among obese as among normal weight children. When averaging over these subgroups, possible differences in RMR between certain subject groups evade detection. More emphasis should therefore be laid on de®ning subgroups of obese and normal weight individuals, in order to elucidate the etiology of this weight disorder.
Despite some limitations in this paper, for example, the lack of information on total energy expenditure, physical activity and food intake, we feel that our data are not weakened by major methodological or statistical problems. The opinion on what adjustments to make in order to normalize REE, has changed considerably over the past decades. Although RMR is a function of FFM as well as of body weight, there are non-zero intercepts Therefore, dividing RMR by these determinants leads to underestimation of energy needs in heavy individuals. Using FFM and FM as covariates in an ANCOVA, which has recently been established as the most appropriate procedure, would avoid this problem. This statistical analysis, of course, is dependent on the validity and reliability of body composition measurements. Despite considerable concern about the accuracy of bioelectrical impedance measurements to predict FFM, the validity and precision of the BIA has been demonstrated in children with a wide range of body weights. 38 ± 40 Thus, FFM in children can be predicted from BIA with very small prediction errors, that are unlikely to have a major impact on our results.
In summary, our cross-sectional investigation provides evidence that preadolescent girls at risk of obesity, are not generally predisposed to a higher body weight because of a greater metabolic ef®ciency. Or study strongly suggests that special emphasis be laid on de®ning different subgroups of both normal weight and overweight subjects, on the basis of family history of obesity, as well as of weight and height development, during the ®rst years of life.
